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UV CURABLE CONDUCTIVE MATERIALS IN 
DISPLAYS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a Continuation-In-Part of US. patent appli 
cation Ser. No. 10/455,050 ?led Jun. 5, 2003 by Stephenson 
et al. entitled “Re?ective Cholesteric Liquid Crystal Display 
With Complementary Light-Absorbing Layer”. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the use ultraviolet 
(UV) curable conductive materials in displays. In particular, 
the invention can be used in polymer dispersed chiral 
nematic liquid crystal displays on ?exible substrates. 

BACKGROUND OF THE INVENTION 

[0003] Currently, information is displayed using 
assembled sheets of paper carrying permanent inks or dis 
played on electronically modulated surfaces such as cathode 
ray displays or liquid crystal displays. Printed information 
displayed in these manners cannot be changed. Devices that 
alloW for the modi?cation of information, such as electri 
cally updated displays, are often heavy and expensive. 
Information may also be applied to sheet materials via 
magnetically Written areas, for example, to carry ticketing or 
?nancial information. Such magnetically Written data, hoW 
ever, is not visible. 

[0004] Media systems exist that maintain electronically 
changeable data Without poWer. Such system can be elec 
trophoretic (Eink), Gyricon, or polymer dispersed choles 
teric materials. An example of such electronically update 
able displays can be found in US. Pat. No. 3,600,060, Which 
shoWs a device having a coated, then dried emulsion of 
cholesteric liquid crystals in aqueous gelatin to form a ?eld 
responsive, bistable display. US. Pat. No. 3,816,786 also 
discloses a layer of encapsulated cholesteric liquid crystal 
responsive to an electric ?eld. The electrodes in the patent 
can be transparent or nontransparent and formed of various 
metals or graphite. It is disclosed that one electrode must be 
light absorbing, and it is suggested that the light absorbing 
electrode be prepared from paints containing conductive 
material such as carbon. 

[0005] Fabrication of ?exible, electronically Written dis 
play sheets is disclosed in US. Pat. No. 4,435,047. A 
substrate carries a ?rst conductive electrode, one or more 
layers of encapsulated liquid crystals, and a second electrode 
of electrically conductive ink. The conductive inks form a 
background for absorbing light, so that the information 
bearing display areas appear dark in contrast to background 
non-display areas. Electrical potential applied to opposing 
conductive areas operates on the liquid crystal material to 
expose display areas. Because the liquid crystal material is 
nematic liquid crystal, the display ceases to present an image 
When de-energiZed, that is, in the absence of a ?eld. A ?rst 
?exible substrate is patterned Which is coated. A second 
pre-patterned substrate is bonded over the coating. 

[0006] The Fergason patent discloses the use of nematic 
liquid crystal, Which absorbs light and does not maintain an 
image in the absence of a ?eld. Dyes in either the polymer 
encapsulant or liquid crystal are used to absorb incident 
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light. The dyes are part of a solution, and not solid submi 
crometer particles. The patent further discloses the use of a 
chiral dopant in Example 2. The dopant improves the 
response time of the nematic liquid crystal, but does not 
operate in a light re?ective state. 

[0007] US. Pat. No. 5,251,048 discloses a light modulat 
ing cell having a polymer dispersed chiral nematic liquid 
crystal. The chiral nematic liquid crystal has the property of 
being electrically driven betWeen a planar state, re?ecting a 
speci?c visible Wavelength of light, and a focal conic state, 
transmitting forWard scattering light. Chiral nematic liquid 
crystals, also knoWn as cholesteric liquid crystals, poten 
tially in some circumstances have the capacity of maintain 
ing one of multiple given states in the absence of an electric 
?eld. Black paint can be applied to the outer surface of a rear 
substrate to provide a light absorbing layer forming a 
non-changing background outside of a changeable display 
area de?ned by the intersection of segment lines and scan 
ning lines. A ?rst glass substrate is patterned. A second 
patterned glass substrate is ?xably spaced from the ?rst 
substrate. The cavity is ?lled With liquid crystal. 

[0008] US. Pat. No. 6,394,870 discloses directly depos 
iting opaque conductive ink in an image Wise pattern by 
screen printing. A conductor is printed directly over a 
polymer dispersed cholesteric material. Displays having 
such a con?guration requires a light absorbing backing. The 
invention creates the light absorber by printing second 
conductors formed by screen printable carbon in a resin 
matrix. Carbon absorbs visible light, but also absorbs ultra 
violet radiation that can be used to cure ultraviolet respon 
sive conductive formulations. If an ultraviolet cured silver 
ink Were used the re?ection of the silver Would create 
negligible contrast betWeen the re?ective planar and the 
transmissive focal conic states. The drying process for 
opaque conductive inks requires many minutes to cure the 
ink. 

[0009] A photocurable silver composition is disclosed in 
US. Pat. No. 6,290,881, Which comprises an ultraviolet 
light curable organic mixture, a photoinitiator, a silver 
poWder, and a silver ?ake composition. The silver ?ake 
composition comprises at least 20% of the Weight of the 
silver poWder. The disclosed compositions may be used to 
produce silver-containing coatings on a variety of different 
substrates. HoWever, this material is not disclosed for use in 
display devices. 

[0010] Cholesteric liquid crystals re?ect a portion of the 
visible spectrum When in a re?ective state. It is preferable 
that the re?ective state have neutral color balance. It Would 
be useful to provide cholesteric displays exhibiting neutral 
density in the re?ective state. It Would be useful for such 
display to be fabricated using simple, loW cost processes. 
Such processes should include inexpensive, high speed 
methods for forming second conductors. 

PROBLEM TO BE SOLVED 

[0011] There remains a need for patterned second conduc 
tors over an imaging layer Which can be more easily and 
rapidly cured. 

SUMMARY OF THE INVENTION 

[0012] The present invention relates to a display device 
comprising a substrate, at least one UV curable conductive 
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layer and an imageable layer. The present invention also 
relates to a display device comprising a substrate, a ?rst 
transparent conductive layer, a light modulating layer, and a 
second conductive layer, Wherein the second conductive 
layer is UV curable. 

ADVANTAGEOUS EFFECT OF THE 
INVENTION 

[0013] The present invention includes several advantages, 
not all of Which are incorporated in a single embodiment. 
Ultraviolet curing of silver ink permits high speed fabrica 
tion and curing of printed second conductors. A dark layer 
permits the use of such a process With polymer dispersed 
cholesteric materials. Replacing silver content in the ink 
reduces the cost of the printed material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective section vieW of a ?rst 
polymer dispersed cholesteric liquid crystal display in accor 
dance With the present invention. 

[0015] FIG. 2 is a schematic sectional vieW of a choles 
teric (“chiral nematic”) liquid crystal material in a planar 
and focal conic state and responding to incident light con 
sistent With prior art displays. 

[0016] FIG. 3 is a sectional vieW of a domain containing 
cholesteric liquid material. 

[0017] FIG. 4 is a plot of the spectral distribution of 
polymer dispersed cholesteric liquid crystal With varying 
domain siZes. 

[0018] FIG. 5 is a side section of a display in accordance 
With the present invention having nonconductive areas in a 
printed second conductor. 

[0019] FIG. 6 is a side section vieW of a display in 
accordance With the present invention having fully cured 
printed second conductors. 

[0020] FIG. 7 is a schematic sectional vieW of optical 
states of a display in accordance With the present invention. 

[0021] FIG. 8 is a the 1931 CIE color matching function 
of the human eye; 

[0022] FIG. 9 is a plot of the human eye response to a 
theoretical cholesteric liquid crystal having a peak re?ection 
of 582 nanometers. 

[0023] FIG. 10 is the optical response of a display sheet 
in the planar state in accordance to the present invention. 

[0024] FIG. 11 is the optical response of the display sheet 
of FIG. 8 in the focal conic state. 

[0025] FIG. 12 is a plot of the re?ection of light from one 
embodiment of a display sheet, When tested, according to the 
present invention. 

[0026] FIG. 13 is a plot of the red, green and blue 
components of the display sheet of FIG. 12 in the planar 
state. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] As used herein, the phase a “liquid crystal display” 
(LCD) is a type of ?at panel display used in various 

Dec. 9, 2004 

electronic devices. At a minimum, an LCD comprises a 
substrate, at least one conductive layer and a liquid crystal 
layer. LCDs may also comprise tWo sheets of polariZing 
material With a liquid crystal solution betWeen the polariZing 
sheets. The sheets of polariZing material may comprise a 
substrate of glass or transparent plastic. 

[0028] The liquid crystal (LC) is used as an optical sWitch. 
The substrates are usually manufactured With transparent, 
conductive electrodes, in Which electrical “driving” signals 
are coupled. The driving signals induce an electric ?eld 
Which can cause a phase change or state change in the LC 
material, the LC exhibiting different light re?ecting charac 
teristics according to its phase and/or state. 

[0029] In the present invention, curable materials are 
applied to the support. The curable material may comprise 
any material that is curable and may be applied to form a 
coating. This may include materials that require some 
chemical mechanism, such as crosslinking, to cure as Well as 
evaporation of a carrier solvent. In one embodiment, the 
curable material may comprise a polymeric material. Coat 
ings may include, but are not limited to, imageable layers, 
light modulating layers, conductive layers, color contrast 
layers, dielectric layers, and barrier layers. The curable 
material may be directly applied to the substrate or it may be 
applied With a carrier material that may be later removed to 
facilitate the curing process, such as a solvent. 

[0030] The curable materials may be applied to the sup 
port by any method knoWn by those of skill in the art to form 
a layer. Some exemplary methods may include screen print 
ing, hopper coating, gravure printing, lithographic and pho 
tolithographic printing, spraying, and vapor depositing. 

[0031] In one embodiment, at least one imagable layer is 
applied to the support. The imageable layer may contain an 
electrically imageable material. The electrically imageable 
material may be light emitting or light modulating. Light 
emitting materials may be inorganic or organic in nature. 
Particularly preferred are organic light emitting diodes 
(OLED) or polymeric light emitting diodes (PLED). The 
light modulating material may be re?ective or transmissive. 
Light modulating materials may be electrochemical, elec 
trophoretic, such as Gyricon particles, electrochromic, or 
liquid crystals. The liquid crystalline material may be 
tWisted nematic (TN), super tWisted nematic (STN), ferro 
electric, magnetic, or chiral nematic liquid crystals. Espe 
cially preferred are chiral nematic liquid crystals. The chiral 
nematic liquid crystals may be polymer dispersed liquid 
crystals (PDLC). Structures having stacked imaging layers 
or multiple support layers, hoWever, are optional for pro 
viding additional advantages in some case. 

[0032] In a preferred embodiment, the electrically image 
able material can be addressed With an electric ?eld and then 
retain its image after the electric ?eld is removed, a property 
typically referred to as “bistable”. Particularly suitable elec 
trically imageable materials that exhibit “bistability” are 
electrochemical, electrophoretic, such as Gyricon particles, 
electrochromic, magnetic, or chiral nematic liquid crystals. 
Especially preferred are chiral nematic liquid crystals. The 
chiral nematic liquid crystals may be polymer dispersed 
liquid crystals (PDLC). 
[0033] Most preferred is a support bearing a conventional 
polymer dispersed light modulating material. The liquid 
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crystal (LC) is used as an optical switch. The supports are 
usually manufactured With transparent, conductive elec 
trodes, in Which electrical “driving” signals are coupled. The 
driving signals induce an electric ?eld Which can cause a 
phase change or state change in the LC material, the LC 
exhibiting different light re?ecting characteristics according 
to its phase and/or state. 

[0034] Liquid crystals may be nematic (N), chiral nematic 
(N*), or smectic, depending upon the arrangement of the 
molecules in the mesophase. Chiral nematic liquid crystal 
refers to the type of liquid crystal having ?ner pitch than that 
of tWisted nematic and super tWisted nematic. Chiral nem 
atic liquid crystals are so named because such liquid crystal 
formulations are commonly obtained by adding chiral agents 
to host nematic liquid crystals. Chiral nematic liquid crystals 
may be used to provide bistable and multistable re?ective 
displays that, due to their nonvolatile “memory” character 
istic, do not require a continuous driving circuit to maintain 
a display image, thereby signi?cantly reducing poWer con 
sumption. Chiral nematic displays are bistable in the 
absence of a ?eld, the tWo stable textures being the re?ective 
planar texture and the Weakly scattering focal conic texture. 
In the planar texture, the helical axes of the chiral nematic 
liquid crystal molecules are substantially parallel to the 
support upon Which the liquid crystal is disposed. In the 
focal conic state, the helical axes of the liquid crystal 
molecules are generally randomly oriented. By adjusting the 
concentration of chiral dopants in the chiral nematic mate 
rial, the pitch length of the molecules and, thus, the Wave 
length of radiation that they Will re?ect, may be adjusted. 
Chiral nematic materials that re?ect infrared radiation have 
been used for purposes of scienti?c study. Commercial 
displays are most often fabricated from chiral nematic 
materials that re?ect visible light. Some knoWn LCD 
devices include chemically etched, transparent, conductive 
layers overlying a glass substrate as described in US. Pat. 
No. 5,667,853, incorporated herein by reference. 
[0035] There are alternative display technologies to LCDs 
that may be used, for example, in ?at panel displays. A 
notable example is organic or polymer light emitting 
devices, (OLEDs) or (PLEDs), Which are comprised of 
several layers in Which one of the layers is an organic 
material that can be made to electroluminesce by applying a 
voltage across the device. An OLED device is typically a 
laminate formed in a substrate such as glass or a plastic 
polymer. A light emitting layer of a luminescent organic 
solid, as Well as adjacent semiconductor layers, are sand 
Wiched betWeen an anode and a cathode. The semiconductor 
layers may be hole injecting and electron injecting layers. 
PLEDs may be considered a subspecies of OLEDs in Which 
the luminescent organic material is a polymer. The light 
emitting layers may be selected from any of a multitude of 
light emitting organic solids, e.g., polymers that are suitably 
?uorescent or chemiluminescent organic compounds. Such 
compounds and polymers include metal ion salts of 8-hy 
droxyquinolate, trivalent metal quinolate complexes, triva 
lent metal bridged quinolate complexes, Schiff-based diva 
lent metal complexes, tin (IV) metal complexes, metal 
acetylacetonate complexes, metal bidenate ligand com 
plexes incorporating organic ligands, such as 2-picolylke 
tones, 2-quinaldylketones, or 2-(o-phenoxy) pyridine 
ketones, bisphosphonates, divalent metal maleonitriledithi 
olate complexes, molecular charge transfer complexes, rare 
earth mixed chelates, (5-hydroxy) quinoxaline metal com 
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plexes, aluminum tris-quinolates, and polymers such as 
poly(p-phenylenevinylene), poly(dialkoxyphenylenevi 
nylene), poly(thiophene), poly(?uorene), poly(phenylene), 
poly(phenylacetylene), poly(aniline), poly(3-alkylth 
iophene), poly(3-octylthiophene), and poly(N-vinylcarba 
Zole). When a potential difference is applied across the 
cathode and anode, electrons from the electron injecting 
layer and holes from the hole injecting layer are injected into 
the light emitting layer; they recombine, emitting light. 
OLEDs and PLEDs are described in the folloWing United 
States patents, all of Which are incorporated herein by this 
reference: US. Pat. No. 5,707,745 to Forrest et al., US. Pat. 
No. 5,721,160 to Forrest et al., US. Pat. No. 5,757,026 to 
Forrest et al., US. Pat. No. 5,834,893 to Bulovic et al., US. 
Pat. No. 5,861,219 to Thompson et al., US. Pat. No. 
5,904,916 to Tang et al., US. Pat. No. 5,986,401 to Thomp 
son et al., US. Pat. No. 5,998,803 to Forrest et al., US. Pat. 
No. 6,013,538 to BurroWs et al., US. Pat. No. 6,046,543 to 
Bulovic et al., US. Pat. No. 6,048,573 to Tang et al., US. 
Pat. No. 6,048,630 to BurroWs et al., US. Pat. No. 6,066,357 
to Tang et al., US. Pat. No. 6,125,226 to Forrest et al., US. 
Pat. No. 6,137,223 to Hung et al., US. Pat. No. 6,242,115 
to Thompson et al., and US. Pat. No. 6,274,980 to BurroWs 
et al. 

[0036] In a typical matrix address light emitting display 
device, numerous light emitting devices are formed on a 
single substrate and arranged in groups in a regular grid 
pattern. Activation may be by roWs and columns, or in an 
active matrix With individual cathode and anode paths. 
OLEDs are often manufactured by ?rst depositing a trans 
parent electrode on the substrate, and patterning the same 
into electrode portions. The organic layer(s) is then depos 
ited over the transparent electrode. Ametallic electrode may 
be formed over the electrode layers. For example, in US. 
Pat. No. 5,703,436 to Forrest et al., incorporated herein by 
reference, transparent indium tin oxide (ITO) is used as the 
hole injecting electrode, and a Mg—Ag--ITO electrode 
layer is used for electron injection. 

[0037] Modern chiral nematic liquid crystal materials usu 
ally include at least one nematic host combined With a chiral 
dopant. Suitable chiral nematic liquid crystal compositions 
preferably have a positive dielectric anisotropy and include 
chiral material in an amount effective to form focal conic 
and tWisted planar textures. Chiral nematic liquid crystal 
materials are preferred because of their excellent re?ective 
characteristics, bistability and gray scale memory. The chiral 
nematic liquid crystal is typically a mixture of nematic 
liquid crystal and chiral material in an amount suf?cient to 
produce the desired pitch length. 

[0038] Chiral nematic liquid crystal materials and cells, as 
Well as polymer stabiliZed chiral nematic liquid crystals and 
cells, are Well knoWn in the art and described in, for 
example, US. Pat. No. 5,695,682, US. application Ser. No. 
07/969,093, Ser. No. 08/057,662, Yang et al., Appl. Phys. 
Lett. 60(25) pp 3102-04 (1992), Yang et al., J. Appl. Phys. 
76(2) pp 1331 (1994), published International Patent Appli 
cation No. PCT/US92/09367, and published International 
Patent Application No. PCT/US92/03504, all of Which are 
incorporated herein by reference. 

[0039] Suitable commercial nematic liquid crystals 
include, for example, E7, E48, E44, E31, E80, TL202, 
TL203, TL204 and TL205 manufactured by E. Merck. The 
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chiral nematic material may comprise, for example, one or 
more of the following materials obtained from Merck Ltd.: 
BL061, BL100, BL101, BL087, BL118, and BL036. 
Although nematic liquid crystals having positive dielectric 
anisotropy, and, especially cyanobiphenyls, are preferred, 
virtually any nematic liquid crystal knoWn in the art, includ 
ing those having negative dielectric anisotropy, may be 
suitable for use in the invention. Chiral nematic liquid 
crystal materials may be Merck BL1 12, BL126, BL-03, 
BL-048 or BL-033, Which are available from EM Industries 
of Hawthorne, NY. Other suitable materials may include 
ZLI-3308, ZLI-3273, ZLI-5048-000, ZLI-5049-100, ZLI 
5100-100, ZLI-5800-000 and MLC-6041-100. Other light 
re?ecting or diffusing modulating, electrically operated 
materials may also be coated, such as a microencapsulated 
electrophoretic material in oil. Examples of nematic hosts 
are mixtures containing 5CB or MBBA. 

[0040] The present invention may employ, as a light 
modulating layer, chiral nematic liquid crystal compositions 
dispersed in a continuous matrix. Such materials are referred 
to as “polymer dispersed liquid crystal” materials or 
“PDLC” materials. Such materials may be made by a variety 
of methods. For example, Doane et al. (Applied Physics 
Letters 48, 269 (1986)) disclose a PDLC comprising 
approximately 0.4 mm droplets of nematic liquid crystal 
5CB in a polymer binder, incorporated herein by reference. 
Aphase separation method is used for preparing the PDLC. 
A solution containing monomer and liquid crystal is ?lled in 
a display cell and the material is then polymerized. Upon 
polymeriZation, the liquid crystal becomes immiscible and 
nucleates to form droplets. West et al. (Applied Physics 
Letters 63, 1471 (1993)), incorporated herein by reference, 
disclose a PDLC comprising a chiral nematic mixture in a 
polymer binder. Once again a phase separation method is 
used for preparing the PDLC. The liquid crystal material and 
polymer (a hydroxy functionaliZed polymethylmethacry 
late) along With a crosslinker for the polymer are dissolved 
in a common organic solvent toluene and coated on an 
indium tin oxide (ITO) support. A dispersion of the liquid 
crystal material in the polymer binder is formed upon 
evaporation of toluene at high temperature. 

[0041] The liquid crystalline material may be made by 
methods knoWn to those of skill in the art, such as an 
emulsi?cation method or a phase separation method. In a 
preferred embodiment, the liquid crystalline material may be 
fabricated using limited coalescence processing to form 
uniformly siZed emulsions of liquid crystalline material. 
Such methods are disclosed in US. patent application Ser. 
No. 10/095,379, hereby incorporated by reference in its 
entirety. This may be done by homogeniZing the liquid 
crystalline material in the presence of ?nely divided silica, 
and a coalescence limiting material, such as LUDOX from 
duPont Corporation. A promoter material may be added to 
the aqueous bath to drive the colloidal particles to the 
liquid-liquid interface. In a preferred embodiment, a copoly 
mer of adipic acid and 2-(methylamino) ethanol may be used 
as the promoting agent in the Water bath. The liquid crystal 
material may be dispersed using ultrasound to create liquid 
crystal domains beloW 1 micron in siZe. When the ultra 
sound energy is removed, the liquid crystal material coa 
lesced into domains of uniform siZe. The ratio of smallest to 
largest domain siZe preferably varies by approximately 1:2. 
By varying the amount of silica and copolymer relative to 
the liquid crystalline material, uniform domain siZe emul 

Dec. 9, 2004 

sions of average diameters of approximately 1, 3, and, 8 
microns may be produced, as determined by microscopy. 
These emulsions may be diluted in gelatin solution for 
subsequent coating. 
[0042] Preferably, the domains are ?attened spheres and 
have, on average, a thickness substantially less than their 
length, preferably at least 50% less. More preferably, the 
domains on average have a thickness (depth) to length ratio 
of 1:2 to 1:6. The ?attening of the domains may be achieved 
by proper formulation and suf?ciently rapid drying of the 
coating. The domains preferably have an average diameter 
of 2 to 30 microns. The imaging layer preferably has a 
thickness of 10 to 150 microns When ?rst coated and 2 to 20 
microns When dried. 

[0043] The ?attened domains of liquid crystal material 
may be de?ned as having a major axis and a minor axis. In 
a preferred embodiment of a display or display sheet, the 
major axis is larger in siZe than the cell (or imaging layer) 
thickness for a majority of the domains. Such a dimensional 
relationship is shoWn in US. Pat. No. 6,061,107, hereby 
incorporated by reference in its entirety. 

[0044] In a preferred embodiment, the contrast of the 
display is maximiZed by the use of only a substantial 
monolayer of N*LC domains. The term “substantial mono 
layer” is de?ned herein to mean that, in a direction perpen 
dicular to the plane of the display, there is no more than a 
single layer of domains sandWiched betWeen the electrodes 
at most points of the display (or the imaging layer), prefer 
ably at 75 percent or more of the points (or area) of the 
display, most preferably at 90 percent or more of the points 
(or area) of the display. In other Words, at most, only a minor 
portion (preferably less than 10 percent) of the points (or 
area) of the display has more than a single domain (tWo or 
more domains) betWeen the electrodes in a direction per 
pendicular to the plane of the display, compared to the 
amount of points (or area) of the display at Which there is 
only a single domain betWeen the electrodes. 

[0045] The amount of material needed for a monolayer 
can be accurately determined by calculation based on indi 
vidual domain siZe, assuming a fully closed packed arrange 
ment of domains. In practice, there may be imperfections in 
Which gaps occur and some unevenness due to overlapping 
droplets or domains. On this basis, the calculated amount is 
preferably less than 150 percent of the amount needed for 
monolayer domain coverage, preferably not more than 125 
percent of the amount needed for a monolayer domain 
coverage, more preferably not more than 110 percent of the 
amount needed for a monolayer of domains. Furthermore, 
improved vieWing angle and broadband features may be 
obtained by appropriate choice of differently doped domains 
based on the geometry of the coated droplet and the Bragg 
re?ection condition. 

[0046] The liquid crystalline layer or layers may also 
contain other ingredients. For example, While color is intro 
duced by the liquid crystal material itself, pleochroic dyes 
may be added to intensify or vary the color re?ected by the 
cell. Similarly, additives such as fumed silica may be dis 
solved in the liquid crystal mixture to adjust the stability of 
the various chiral nematic textures. A dye in an amount 
ranging from 0.25% to 1.5% may also be used. 

[0047] At least one conductive layer may be utiliZed With 
the present invention. Preferably, at least one of the con 
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ductive layers is UV curable. The UV curable conductive 
layer may be used in combination With conductive materials 
Which are not UV curable. In other embodiments, multiple 
conductive layers may be UV curable. 

[0048] For higher conductivities, the conductive layer may 
comprise a silver based layer Which contains silver only or 
silver containing a different element such as aluminum (Al), 
copper (Cu), nickel (Ni), cadmium (Cd), gold (Au), Zinc 
(Zn), magnesium (Mg), tin (Sn), indium (In), tantalum (Ta), 
titanium (Ti), Zirconium (Zr), cerium (Ce), silicon (Si), lead 
(Pb) or palladium (Pd). 

[0049] In a preferred embodiment, the conductive layer 
comprises at least one of gold, silver and a gold/silver alloy, 
for example, a layer of silver coated on one or both sides 
With a thinner layer of gold. See, Int. Publ. No. WO 
99/36261 by Polaroid Corporation, incorporated herein by 
reference. In another embodiment, the conductive layer may 
comprise a layer of silver alloy, for example, a layer of silver 
coated on one or both sides With a layer of indium cerium 
oxide (InCeO). See US. Pat. No. 5,667,853, incorporated 
herein in by reference. The UV curable conductive layer 
may also be applied as a layer of silver coated on one or both 
sides With a thinner layer of metal. 

[0050] The conductive layer may be formed in a vacuum 
environment using materials such as aluminum, tin, silver, 
platinum, carbon, tungsten, molybdenum, or indium. Oxides 
of these metals may be used to darken patternable conduc 
tive layers. The metal material may be excited by energy 
from resistance heating, cathodic arc, electron beam, sput 
tering or magnetron excitation. The conductive layer may 
comprise coatings of tin-oxide or indium-tin oxide, resulting 
in the layer being transparent. There may also be more than 
one conductive layer. 

[0051] A suitable material may include electrically modu 
lated material disposed on a suitable support structure, such 
as on or betWeen one or more electrodes. The term “elec 

trically modulated material” as used herein is intended to 
include any suitable nonvolatile material. Suitable materials 
for the electrically modulated material are described in US. 
patent application Ser. No. 09/393,553 and US. Provisional 
Patent Application Ser. No. 60/099,888, the contents of both 
applications are herein incorporated by reference. 

[0052] The electrically modulated material may also be a 
printable, conductive ink having an arrangement of particles 
or microscopic containers or microcapsules. Each microcap 
sule contains an electrophoretic composition of a ?uid, such 
as a dielectric or emulsion ?uid, and a suspension of colored 
or charged particles or colloidal material. The diameter of 
the microcapsules typically ranges from 30 to 300 microns. 
According to one practice, the particles visually contrast 
With the dielectric ?uid. According to another example, the 
electrically modulated material may include rotatable balls 
that can rotate to expose a different colored surface area, and 
Which can migrate betWeen a forWard vieWing position 
and/or a rear nonvieWing position, such as gyricon. Speci? 
cally, gyricon is a material comprised of tWisting rotating 
elements contained in liquid-?lled spherical cavities and 
embedded in an elastomer medium. The rotating elements 
may be made to exhibit changes in optical properties by the 
imposition of an external electric ?eld. Upon application of 
an electric ?eld of a given polarity, one segment of a rotating 
element rotates toWard, and is visible by an observer of the 

Dec. 9, 2004 

display. Application of an electric ?eld of opposite polarity, 
causes the element to rotate and expose a second, different 
segment to the observer. A gyricon display maintains a given 
con?guration until an electric ?eld is actively applied to the 
display assembly. Gyricon particles typically have a diam 
eter of about 100 microns. Gyricon materials are disclosed 
in US. Pat. No. 6,147,791, US. Pat. No. 4,126,854 and US. 
Pat. No. 6,055,091, the contents of Which are herein incor 
porated by reference. 

[0053] According to one practice, the microcapsules may 
be ?lled With electrically charged White particles in a black 
or colored dye. Examples of electrically modulated material 
and methods of fabricating assemblies capable of controlling 
or effecting the orientation of the ink suitable for use With 
the present invention are set forth in International Patent 
Application Publication Number WO 98/41899, Interna 
tional Patent Application Publication Number W0 
98/ 19208, International Patent Application Publication 
Number WO 98/03896, and International Patent Application 
Publication Number WO 98/41898, the contents of Which 
are herein incorporated by reference. 

[0054] The electrically modulated material may also 
include material disclosed in US. Pat. No. 6,025,896, the 
contents of Which are incorporated herein by reference. This 
material comprises charged particles in a liquid dispersion 
medium encapsulated in a large number of microcapsules. 
The charged particles may have different types of color and 
charge polarity. For example White positively charged par 
ticles may be employed along With black negatively charged 
particles. The described microcapsules are disposed betWeen 
a pair of electrodes, such that a desired image is formed and 
displayed by the material by varying the dispersion state of 
the charged particles. The dispersion state of the charged 
particles is varied through a controlled electric ?eld applied 
to the electrically modulated material. According to a pre 
ferred embodiment, the particle diameters of the microcap 
sules are betWeen 5 microns and 200 microns, and the 
particle diameters of the charged particles are betWeen 
one-thousandth and one-?fth the siZe of the particle diam 
eters of the microcapsules. 

[0055] Further, the electrically modulated material may 
include a thermochromic material. A thermochromic mate 
rial is capable of changing its state alternately betWeen 
transparent and opaque upon the application of heat. In this 
manner, a thermochromic imaging material develops images 
through the application of heat at speci?c pixel locations in 
order to form an image. The thermochromic imaging mate 
rial retains a particular image until heat is again applied to 
the material. Since the reWritable material is transparent, UV 
?uorescent printings, designs and patterns underneath can be 
seen through the reWritable material. 

[0056] The electrically modulated material may also 
include surface stabiliZed ferrroelectric liquid crystals 
(SSFLC). Surface stabiliZed ferroelectric liquid crystals 
con?ne ferroelectric liquid crystal material betWeen closely 
spaced glass plates to suppress the natural helix con?gura 
tion of the crystals. The cells sWitch rapidly betWeen tWo 
optically distinct, stable states simply by alternating the sign 
of an applied electric ?eld. 

[0057] Magnetic particles suspended in an emulsion com 
prise an additional imaging material suitable for use With the 
present invention. Application of a magnetic force alters 
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pixels formed With the magnetic particles in order to create, 
update or change human and/or machine readable indicia. 
Those skilled in the art Will recognize that a variety of 
bistable nonvolatile imaging materials are available and may 
be implemented in the present invention. 

[0058] The electrically modulated material may also be 
con?gured as a single color, such as black, White or clear, 
and may be ?uorescent, iridescent, bioluminescent, incan 
descent, ultraviolet, infrared, or may include a Wavelength 
speci?c radiation absorbing or emitting material. There may 
be multiple layers of electrically modulated material. Dif 
ferent layers or regions of the electrically modulated mate 
rial display material may have different properties or colors. 
Moreover, the characteristics of the various layers may be 
different from each other. For eXample, one layer may be 
used to vieW or display information in the visible light range, 
While a second layer responds to or emits ultraviolet light. 
The nonvisible layers may alternatively be constructed of 
non-electrically modulated materials that have radiation 
absorbing or emitting characteristics. The electrically modu 
lated material employed in connection With the present 
invention preferably has the characteristic that it does not 
require poWer to maintain display of indicia. 

[0059] The curable layer may comprise a dielectric mate 
rial. A dielectric layer, for purposes of the present invention, 
is a layer that is not conductive or blocks the ?oW of 
electricity. This dielectric material may include a UV cur 
able, thermoplastic, screen printable material, such as Elec 
trodag 25208 dielectric coating from Acheson Corporation. 
The dielectric material forms a dielectric layer. This layer 
may include openings to de?ne image areas, Which are 
coincident With the openings. Since the image is vieWed 
through a transparent substrate, the indicia are mirror 
imaged. 

[0060] The dielectric material may form an adhesive layer 
to subsequently bond a second electrode to the light modu 
lating layer. Conventional lamination techniques involving 
heat and pressure are employed to achieve a permanent 
durable bond. Certain thermoplastic polyesters, such as 
VITEL 1200 and 3200 resins from Bostik Corp., polyure 
thanes, such as MORTHANE CA-100 from Morton Inter 
national, polyamides, such as UNIREZ 2215 from Union 
Camp Corp., polyvinyl butyral, such as BUTVAR B-76 from 
Monsanto, and poly(butyl methacrylate), such as ELVAC 
ITE 2044 from ICI Acrylics Inc. may also provide a sub 
stantial bond betWeen the electrically conductive and light 
modulating layers. 

[0061] The dielectric adhesive layer may be coated from 
common organic solvents at a dry thickness of 1 to 3 
microns. The dielectric adhesive layer may also be coated 
from an aqueous solution or dispersion. Polyvinyl alcohol, 
such as AIRVOL 425 or MM-51 from Air Products, poly 
(acrylic acid), and poly(methyl vinyl ether/maleic anhy 
dride), such as GANTREZ AN-119 from GAF Corp. can be 
dissolved in Water, subsequently coated over the second 
electrode, dried to a thickness of 1 to 3 microns and 
laminated to the light modulating layer. Aqueous dispersions 
of certain polyamides, such as MICROMID 142LTL from 
AriZona Chemical, polyesters, such as AQ 29D from East 
man Chemical Products Inc., styrene/butadiene copolymers, 
such as TYLAC 68219-00 from Reichhold Chemicals, and 
acrylic/styrene copolymers such as RayTech 49 and 
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RayKote 234L from Specialty Polymers Inc. can also be 
utiliZed as a dielectric adhesive layer as previously 
described. 

[0062] The curing process may occur by any means 
knoWn to those of skill in the art of curing coatings, such as 
through application of light, heat, air?oW, chemical reaction, 
or some other source of energy. Light activation of the 
curing process may occur through eXposure to ultraviolet, 
visible, infrared light, or combinations thereof, Which then 
initiates a chemical reaction to cure the materials, such as 
through crosslinking polymeriZations. 

[0063] The typical curing process takes place in several 
steps: (a) initiation, (b) machine conveyance curing, and (c) 
Wound roll curing. There are tWo primary methods to cure 
the coatings: actinic and thermal. In actinic curing, poly 
meriZation of prepolymeric inks With less than 10% volatiles 
is initiated by the application of electromagnetic energy. UV 
Wavelengths at less than 386 nanometers is used for this 
process. Dosage limits are 100 to 700 mJ/cm2 With 300 to 
500 mJ/cm2 preferred. Temperature and air ?oW are standard 
for one skilled in the art. Machine curing does not substan 
tially take place in UV curing; hoWever, additional time is 
required to fully complete the process. In the Wound roll, the 
Web requires time Without lap-to-lap contact to fully cure. 
Temperature limits are 10 to 100 With 20 to 30° C. preferred, 
humidity limits are 0 to 90% With 40 to 60% preferred, and 
air ?oW limits are 0 to 4000 fpm With 0 to 15 fpm preferred. 
The presence of any of a number of gases is useful to the 
process With air or nitrogen being preferred. 

[0064] Thermally curable solvent coatings rely on diffu 
sion and convection to drive off volatiles that may be up to 
75% of the total coating. Initiation and conveyance curing 
take place by the application of elevated temperature gas 
moving along or across the Web. Air conveyed technology is 
Well knoWn and standard practices eXist for these processes. 
In the Wound roll, drying does not usually continue; hoW 
ever, When the layers are spaced so that lap-to-lap contact 
does not take place, drying can continue. Temperature limits 
are 20 to 100° C. With 70 to 90° C. preferred, humidity limits 
are 20 to 60% With 30 to 50% preferred, and air?oW limits 
are 0 to 4000 fpm With 0 to 15 fpm preferred. 

[0065] Liquid crystals may be nematic (N), chiral nematic 
(N*), or smectic, depending upon the arrangement of the 
molecules in the mesophase. Chiral nematic liquid crystal 
(N*LC) displays are typically re?ective, that is, no backlight 
is needed, and can function Without the use of polariZing 
?lms or a color ?lter. 

[0066] In a preferred embodiment of the invention, the 
display device or display sheet has simply a single imaging 
layer of liquid crystal material along a line perpendicular to 
the face of the display, preferably a single layer coated on a 
?exible substrate. Such as structure, as compared to verti 
cally stacked imaging layers each betWeen opposing sub 
strates, is especially advantageous for monochrome shelf 
labels and the like. Structures having stacked imaging lay 
ers, hoWever, are optional for providing additional advan 
tages in some case. 

[0067] Modern chiral nematic liquid crystal materials usu 
ally include at least one nematic host combined With a chiral 
dopant. In general, the nematic liquid crystal phase is 
composed of one or more mesogenic components combined 
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to provide useful composite properties. Many such materials 
are available commercially. The nematic component of the 
chiral nematic liquid crystal mixture may be comprised of 
any suitable nematic liquid crystal mixture or composition 
having appropriate liquid crystal characteristics. Nematic 
liquid crystals suitable for use in the present invention are 
preferably composed of compounds of loW molecular 
Weight selected from nematic or nematogenic substances, 
for example from the knoWn classes of the aZoxybenZenes, 
benZylideneanilines, biphenyls, terphenyls, phenyl or cyclo 
hexyl benZoates, phenyl or cyclohexyl esters of cyclohex 
anecarboxylic acid; phenyl or cyclohexyl esters of cyclo 
hexylbenZoic acid; phenyl or cyclohexyl esters of 
cyclohexylcyclohexanecarboxylic acid; cyclohexylphenyl 
esters of benZoic acid, of cyclohexanecarboxyiic acid and of 
cyclohexylcyclohexanecarboxylic acid; phenyl cyclohex 
anes; cyclohexylbiphenyls; phenyl cyclohexylcyclohexanes; 
cyclohexylcyclohexanes; cyclohexylcyclohexenes; cyclo 
hexylcyclohexylcyclohexenes; 1,4-bis-cyclohexylbenZenes; 
4,4-bis-cyclohexylbiphenyls; phenyl- or cyclohexylpyrim 
idines; phenyl- or cyclohexylpyridines; phenyl- or cyclo 
hexylpyridaZines; phenyl- or cyclohexyldioxanes; phenyl 
or cyclohexyl-1,3-dithianes; 1,2-diphenylethanes; 1,2-dicy 
clohexylethanes; 1-phenyl-2-cyclohexylethanes; 1-cyclo 
hexyl-2-(4-phenylcyclohexyl)ethanes; 1-cyclohexyl-2‘,2-bi 
phenylethanes; 1-phenyl-2-cyclohexylphenylethanes; 
optionally halogenated stilbenes; benZyl phenyl ethers; 
tolanes; substituted cinnamic acids and esters; and further 
classes of nematic or nematogenic substances. The 1,4 
phenylene groups in these compounds may also be laterally 
mono- or di?uorinated. The liquid crystalline material of this 
preferred embodiment is based on the achiral compounds of 
this type. The most important compounds, that are possible 
as components of these liquid crystalline materials, may be 
characteriZed by the folloWing formula R‘-X-Y-Z-R“ 
Wherein X and Z, Which may be identical or different, are in 
each case, independently from one another, a bivalent radi 
cal from the group formed by -Phe-, -Cyc-, -Phe-Phe-, 
-Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, —B-Phe- and -B-Cyc-; 
Wherein Phe is unsubstituted or ?uorine-substituted 1,4 
phenylene, Cyc is trans-1,4-cyclohexylene or 1,4-cyclohex 
enylene, Pyr is pyrimidine-2,5-diyl or pyridine-2,5-diyl, Dio 
is 1,3-dioxane-2,5-diyl, and B is 2-(trans-1,4-cyclohexyl 
)ethyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl or 1,3-diox 
ane-2,5-diyl. Y in these compounds is selected from the 

halogen, preferably chlorine, or —CN; R‘ and R“ are, in each 
case, independently of one another, alkyl, alkenyl, alkoxy, 
alkenyloxy, alkanoyloxy, alkoxycarbonyl or alkoxycarbony 
loxy With 1 to 18, preferably 1 to 12 C atoms, or alternatively 
one of R‘ and R“ is —F, —CF3, —OCF3, —Cl, —NCS or 
—CN. In most of these compounds R‘ and R‘ are, in each 
case, independently of each another, alkyl, alkenyl or alkoxy 
With different chain length, Wherein the sum of C atoms in 
nematic media generally is betWeen 2 and 9, preferably 
betWeen 2 and 7. The nematic liquid crystal phases typically 
consist of 2 to 20, preferably 2 to 15 components. The above 
list of materials is not intended to be exhaustive or limiting. 
The lists disclose a variety of representative materials suit 
able for use or mixtures, Which comprise the active element 
in electro-optic liquid crystal compositions. 
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[0068] Suitable chiral nematic liquid crystal compositions 
preferably have a positive dielectric anisotropy and include 
chiral material in an amount effective to form focal conic 
and tWisted planar textures. Chiral nematic liquid crystal 
materials are preferred because of their excellent re?ective 
characteristics, bistability and gray scale memory. The chiral 
nematic liquid crystal is typically a mixture of nematic 
liquid crystal and chiral material in an amount sufficient to 
produce the desired pitch length. Suitable commercial nem 
atic liquid crystals include, for example, E7, E44, E48, E31, 
E80, BL087, BL1001, ZLI-3308, ZLI-3273, ZLI-5048-000, 
ZLI-5049-100, ZLI-5100-100, ZLI-5800-000, MLC-6041 
100.TL202, TL203, TL204 and TL205 manufactured by E. 
Merck (Darmstadt, Germany). Although nematic liquid 
crystals having positive dielectric anisotropy, and especially 
cyanobiphenyls, are preferred, virtually any nematic liquid 
crystal knoWn in the art, including those having negative 
dielectric anisotropy should be suitable for use in the inven 
tion. Other nematic materials may also be suitable for use in 
the present invention as Would be appreciated by those 
skilled in the art. 

[0069] The chiral dopant added to the nematic mixture to 
induce the helical tWisting of the mesophase, thereby alloW 
ing re?ection of visible light, may be of any useful structural 
class. The choice of dopant depends upon several charac 
teristics including among others its chemical compatibility 
With the nematic host, helical tWisting poWer, temperature 
sensitivity, and light fastness. Many chiral dopant classes are 
knoWn in the art: e.g., G. Gottarelli and G. Spada, Mol. 
Cryst. Liq. Crys., 123, 377 (1985); G. Spada and G. Proni, 
Enantiomer; 3, 301 (1998) and references therein, incorpo 
rated herein by reference. Typical Well knoWn dopant classes 
include 1,1-binaphthol derivatives; isosorbide (D-1) and 
similar isomannide esters as disclosed in US. Pat. No. 
6,217,792, incorporated herein by reference; TADDOL 
derivatives (D-2) as disclosed in US. Pat. No. 6,099,751, 
incorporated herein by reference; and the pending spiroin 
danes esters (D-3) as disclosed in US. patent application 
Ser. No. 10/651,692 by T. Welter et al., ?led Aug. 29, 2003, 
titled “Chiral Compounds And Compositions Containing 
The Same,” hereby incorporated by reference. 
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-continued 
D-3 

[0070] The pitch length of the liquid crystal materials may 
be adjusted based upon the following equation (1): 

7‘max=navpo 
[0071] Where kmax is the peak re?ection Wavelength, that 
is, the Wavelength at Which re?ectance is a maximum, nav is 
the average index of refraction of the liquid crystal material, 
and p0 is the natural pitch length of the chiral nematic helix. 
De?nitions of chiral nematic helix and pitch length and 
methods of its measurement, are knoWn to those skilled in 
the art such as can be found in the book, Blinov, L. M., 
Electro-optical and Magneto-Optical Properties of Liquid 
Crystals, John Wiley & Sons Ltd. 1983, incorporated herein 
by reference. The pitch length is modi?ed by adjusting the 
concentration of the chiral material in the liquid crystal 
material. For most concentrations of chiral dopants, the pitch 
length induced by the dopant is inversely proportional to the 
concentration of the dopant. The proportionality constant is 
given by the following equation (2): 

Po=1/(HTRC) 
[0072] Where c is the concentration of the chiral dopant 
and HTP is the proportionality constant. 

[0073] For some applications, it is desired to have LC 
mixtures that exhibit a strong helical tWist and thereby a 
short pitch length. For example in liquid crystalline mixtures 
that are used in selectively re?ecting chiral nematic displays, 
the pitch has to be selected such that the maximum of the 
Wavelength re?ected by the chiral nematic helix is in the 
range of visible light. Other possible applications are poly 
mer ?lms With a chiral liquid crystalline phase for optical 
elements, such as chiral nematic broadband polariZers, ?lter 
arrays, or chiral liquid crystalline retardation ?lms. Among 
these are active and passive optical elements or color ?lters 
and liquid crystal displays, for example STN, TN, AMD 
TN, temperature compensation, polymer free or polymer 
stabiliZed chiral nematic texture (PFCT, PSCT) displays. 
Possible display industry applications include ultralight, 
?exible, and inexpensive displays for notebook and desktop 
computers, instrument panels, video game machines, video 
phones, mobile phones, hand held PCs, PDAs, e-books, 
camcorders, satellite navigation systems, store and super 
market pricing systems, highWay signs, informational dis 
plays, smart cards, toys, and other electronic devices. 

[0074] Chiral nematic liquid crystal materials and cells, as 
Well as polymer stabiliZed chiral nematic liquid crystals and 
cells, are Well knoWn in the art and described in, for 
example, US. patent application Ser. No. 07/969,093; Ser. 
No. 08/057,662; Yang et al., Appl. Phys. Lett. 60(25) pp 
3102-04 (1992); Yang et al., J. Appl. Phys. 76(2) pp 1331 
(1994); published International Patent Application No. PCT/ 
US92/09367; and published International Patent Application 
No. PCT/US92/03504, all of Which are incorporated herein 
by reference. 
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[0075] In a preferred embodiment, a light modulating 
layer is deposited over a ?rst conductor. The light modulat 
ing layer contains a chiral nematic liquid crystal. The 
selected material preferably exhibits high optical and elec 
trical anisotropy and matches the index of refraction of the 
carrier polymer, When the material is electrically oriented. 
Examples of such materials are E. Merck’s BL-03, BL-048 
or BL-033, Which are available from EM Industries of 
Hawthorne, NY. Other light re?ecting or diffusing modu 
lating, electrically operated materials may also be coated, 
such as a microencapsulated electrophoretic material in oil. 

[0076] The liquid crystal may be a chiral doped nematic 
liquid crystal, also knoWn as cholesteric liquid crystal, such 
as those disclosed in Us. Pat. No. 5,695,682. Application of 
?elds of various intensity and duration change the state of 
chiral doped nematic materials from a re?ective to a trans 
missive state. These materials have the advantage of main 
taining a given state inde?nitely after the ?eld is removed. 
Cholesteric liquid crystal materials may be Merck BL112, 
BL118 or BL126 that are available from EM Industries of 
Hawthorne, NY. The light modulating layer is effective in 
tWo conditions. 

[0077] The ?exible plastic substrate may be any ?exible 
self supporting plastic ?lm that supports the thin conductive 
metallic ?lm. “Plastic” means a high polymer, usually made 
from polymeric synthetic resins, Which may be combined 
With other ingredients, such as curatives, ?llers, reinforcing 
agents, colorants, and plasticiZers. Plastic includes thermo 
plastic materials and thermosetting materials. 

[0078] The ?exible plastic ?lm must have suf?cient thick 
ness and mechanical integrity so as to be self supporting, yet 
should not be so thick as to be rigid. Typically, the ?exible 
plastic substrate is the thickest layer of the composite ?lm in 
thickness. Consequently, the substrate determines to a large 
extent the mechanical and thermal stability of the fully 
structured composite ?lm. 

[0079] Another signi?cant characteristic of the ?exible 
plastic substrate material is its glass transition temperature 
(Tg). Tg is de?ned as the glass transition temperature at 
Which plastic material Will change from the glassy state to 
the rubbery state. It may comprise a range before the 
material may actually ?oW. Suitable materials for the ?ex 
ible plastic substrate include thermoplastics of a relatively 
loW glass transition temperature, for example up to 150° C., 
as Well as materials of a higher glass transition temperature, 
for example, above 150° C. The choice of material for the 
?exible plastic substrate Would depend on factors such as 
manufacturing process conditions, such as deposition tem 
perature, and annealing temperature, as Well as post-manu 
facturing conditions such as in a process line of a displays 
manufacturer. Certain of the plastic substrates discussed 
beloW can Withstand higher processing temperatures of up to 
at least 200° C., some up to 3000-350° C., Without damage. 

[0080] Typically, the ?exible plastic substrate is polyeth 
ylene terephthalate (PET), polyethylene naphthalate (PEN), 
polyethersulfone (PES), polycarbonate (PC), polysulfone, a 
phenolic resin, an epoxy resin, polyester, polyimide, poly 
etherester, polyetheramide, cellulose acetate, aliphatic poly 
urethanes, polyacrylonitrile, polytetra?uoroethylenes, poly 
vinylidene ?uorides, poly(methyl(x-methacrylates), an 
aliphatic or cyclic polyole?n, polyarylate (PAR), polyether 
imide (PEI), polyethersulphone (PES), polyimide (PI), 
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Te?on poly(per?uoro-alboxy) ?uoropolymer (PFA), poly 
(ether ether ketone) (PEEK), poly(ether ketone) (PEK), 
poly(ethylene tetra?uoroethylene)?uoropolymer (PETFE), 
and poly(methyl methacrylate) and various acrylate/meth 
acrylate copolymers (PMMA). Aliphatic polyole?ns may 
include high density polyethylene (HDPE), loW density 
polyethylene (LDPE), and polypropylene, including ori 
ented polypropylene (OPP). Cyclic polyole?ns may include 
poly(bis(cyclopentadiene)). Apreferred ?exible plastic sub 
strate is a cyclic polyole?n or a polyester. Various cyclic 
polyole?ns are suitable for the ?exible plastic substrate. 
Examples include Arton® made by Japan Synthetic Rubber 
Co., Tokyo, Japan; Zeanor T made by Zeon Chemicals L.P., 
Tokyo Japan; and Topas® made by Celanese A. G., Kron 
berg Germany. Arton is a poly(bis(cyclopentadiene)) con 
densate that is a ?lm of a polymer. Alternatively, the ?exible 
plastic substrate may be a polyester. Apreferred polyester is 
an aromatic polyester such as Arylite. Although various 
examples of plastic substrates are set forth above, it should 
be appreciated that the substrate may also be formed from 
other materials such as glass and quartZ. 

[0081] The ?exible plastic substrate may be reinforced 
With a hard coating. Typically, the hard coating is an acrylic 
coating. Such a hard coating typically has a thickness of 
from 1 to 15 microns, preferably from 2 to 4 microns and 
may be provided by free radical polymeriZation, initiated 
either thermally or by ultraviolet radiation, of an appropriate 
polymeriZable material. Depending on the substrate, differ 
ent hard coatings may be used. When the substrate is 
polyester or Arton, a particularly preferred hard coating is 
the coating knoWn as “Lintec”. Lintec contains UV cured 
polyester acrylate and colloidal silica. When deposited on 
Arton, it has a surface composition of 35 atom % C, 45 atom 
% 0, and 20 atom % Si, excluding hydrogen. Another 
particularly preferred hard coating is the acrylic coating sold 
under the trademark “Terrapin” by Tekra Corporation, NeW 
Berlin, Wis. 

[0082] In one embodiment, a sheet supports a conven 
tional polymer dispersed light modulating material. The 
sheet includes a substrate. The substrate may be made of a 
polymeric material, such as Kodak Estar ?lm base formed of 
polyester plastic, and have a thickness of betWeen 20 and 
200 microns. For example, the substrate may be an 80 
micron thick sheet of transparent polyester. Other polymers, 
such as transparent polycarbonate, may also be used. Alter 
natively, the substrate 15 may be thin, transparent glass. 

[0083] The LCD contains at least one transparent conduc 
tive layer, Which typically is comprised of a primary metal 
oxide. This conductive layer may comprise other metal 
oxides such as indium oxide, hafnium oxide, titanium diox 
ide, cadmium oxide, gallium indium oxide, niobium pen 
toxide and tin dioxide. See, Int. Publ. No. WO 99/36261 by 
Polaroid Corporation, incorporated herein by reference. In 
addition to the primary oxide such as ITO, the at least one 
conductive layer may also comprise a secondary metal oxide 
such as an oxide of cerium, titanium, Zirconium, and/or 
tantalum. See, US. Pat. No. 5,667,853 to Fukuyoshi et al. 
(Toppan Printing Co.), incorporated herein by reference. 
Other transparent conductive oxides include, but are not 
limited to ZnO2, Zn2SnO4, Cd2SnO4, Zn2In2O5, MgIn2O4, 
Ga2O3—In2O3, or TaO3. The conductive layer may be 
formed, for example, by a loW temperature sputtering tech 
nique or by a direct current sputtering technique, such as 
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DC-sputtering or RF-DC sputtering, depending upon the 
material or materials of the underlying layer. The conductive 
layer may be a transparent, electrically conductive layer of 
tin-oxide or indium-tin-oxide (ITO), or polythiophene, With 
ITO being the preferred material. Typically, the conductive 
layer is sputtered onto the substrate to a resistance of less 
than 250 ohms per square. Alternatively, conductive layer 
may be an opaque electrical conductor formed of metal such 
as copper, aluminum or nickel. If the conductive layer is an 
opaque metal, the metal may be a metal oxide to create a 
light absorbing conductive layer. 

[0084] Indium tin oxide (ITO) is the preferred conductive 
material, as it is a cost effective conductor With good 
environmental stability, up to 90% transmission, and doWn 
to 20 ohms per square resistivity. An exemplary preferred 
ITO layer has a % transmittance (% T) greater than or equal 
to 80% in the visible region of light, that is, from greater than 
400 nm to 700 nm, so that the ?lm Will be useful for display 
applications. In a preferred embodiment, the conductive 
layer comprises a layer of loW temperature ITO Which is 
polycrystalline. The ITO layer is preferably 10-120 nm in 
thickness, or 50-100 nm thick to achieve a resistivity of 
20-60 ohms/square on plastic. An exemplary preferred ITO 
layer is 60-80 nm thick. 

[0085] The conductive layer is preferably patterned. The 
conductive layer is preferably patterned into a plurality of 
electrodes. The patterned electrodes may be used to form a 
LCD device. In another embodiment, tWo conductive sub 
strates are positioned facing each other and cholesteric 
liquid crystals are positioned therebetWeen to form a device. 
The patterned ITO conductive layer may have a variety of 
dimensions. Exemplary dimensions may include line Widths 
of 10 microns, distances betWeen lines, that is, electrode 
Widths, of 200 microns, depth of cut, that is, thickness of 
ITO conductor, of 100 nanometers. ITO thicknesses on the 
order of 60, 70, and greater than 100 nanometers are also 
possible. 

[0086] The display may also contain a second conductive 
layer applied to the surface of the light modulating layer. The 
second conductive layer desirably has suf?cient conductiv 
ity to carry a ?eld across the light modulating layer. The 
second conductive layer may be formed in a vacuum envi 
ronment using materials such as aluminum, tin, silver, 
platinum, carbon, tungsten, molybdenum, or indium. Oxides 
of these metals may be used to darken patternable conduc 
tive layers. The metal material may be excited by energy 
from resistance heating, cathodic arc, electron beam, sput 
tering or magnetron excitation. The second conductive layer 
may comprise coatings of tin-oxide or indium-tin oxide, 
resulting in the layer being transparent. Alternatively, second 
conductive layer may be printed conductive ink. 

[0087] For higher conductivities, the second conductive 
layer may comprise a silver based layer Which contains 
silver only or silver containing a different element such as 
aluminum (Al), copper (Cu), nickel (Ni), cadmium (Cd), 
gold (Au), Zinc (Zn), magnesium (Mg), tin (Sn), indium (In), 
tantalum (Ta), titanium (Ti), Zirconium (Zr), cerium (Ce), 
silicon (Si), lead (Pb) or palladium (Pd). In a preferred 
embodiment, the conductive layer comprises at least one of 
gold, silver and a gold/silver alloy, for example, a layer of 
silver coated on one or both sides With a thinner layer of 
gold. See, Int. Publ. No. WO 99/36261 by Polaroid Corpo 
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ration. In another embodiment, the conductive layer may 
comprise a layer of silver alloy, for example, a layer of silver 
coated on one or both sides With a layer of indium cerium 
oXide (InCeO). See US. Pat. No. 5,667,853, incorporated 
herein in by reference. 

[0088] The second conductive layer may be patterned 
irradiating the multilayered conductor/substrate structure 
With ultraviolet radiation so that portions of the conductive 
layer are ablated therefrom. It is also knoWn to employ an 
infra red (IR) ?ber laser for patterning a metallic conductive 
layer overlying a plastic ?lm, directly ablating the conduc 
tive layer by scanning a pattern over the conductor/?lm 
structure. See: Int. Publ. No. WO 99/36261 and “42.2: A 
NeW Conductor Structure for Plastic LCD Applications 
UtiliZing ‘All Dry’ Digital Laser Patterning,” 1998 SID 
International Symposium Digest of Technical Papers, Ana 
heim, Calif., May 17-22, 1998, no. VOL. 29, May 17, 1998, 
pages 1099-1101, both incorporated herein by reference. 

[0089] The LCD may also comprises at least one “func 
tional layer” betWeen the conductive layer and the substrate. 
The functional layer may comprise a protective layer or a 
barrier layer. A preferred barrier layer may acts as a gas 
barrier or a moisture barrier and may comprise SiOX, AlOX 
or ITO. The protective layer, for eXample, an acrylic hard 
coat, functions to prevent laser light from penetrating to 
functional layers betWeen the protective layer and the sub 
strate, thereby protecting both the barrier layer and the 
substrate. The functional layer may also serve as an adhesion 
promoter of the conductive layer to the substrate 

[0090] In another embodiment, the polymeric support may 
further comprise an antistatic layer to manage unWanted 
charge build up on the sheet or Web during roll conveyance 
or sheet ?nishing. Since the liquid crystal are sWitched 
betWeen states by voltage, charge accumulation of suf?cient 
voltage on the Web surface may create an electrical ?eld that 
When discharged may sWitch a portion of the liquid crystal. 
It is Well knoW in the art of photographic Web based 
materials that Winding, conveying, slitting, chopping and 
?nishing can cause charge build on many Web based sub 
strates. High charge buildup is a particular problem With 
plastic Webs that are conductive on one side but not on the 
other side. Charges accumulates on one side on the Web to 
the point of discharge and in photographic light sensitive 
materials that discharge can result in fog Which is uncon 
trolled light eXposure as a result of the spark caused from the 
discharge. Similar precaution and static management is 
necessary during manufacturing or in end use applications 
for liquid crystal displays. In another embodiment of this 
invention, the antistatic layer has a surface resistivity of 
betWeen 105 to 1012. Above 1012, the antistatic layer typi 
cally does not provide suf?cient conduction of charge to 
prevent charge accumulation to the point of preventing fog 
in photographic systems or from unWanted point sWitching 
in liquid crystal displays. While layers greater than 105 Will 
prevent charge buildup, most antistatic materials are inher 
ently not that conductive and in those materials that are more 
conductive than 105, there is usually some color associated 
With them that Will reduce the overall transmission proper 
ties of the display. The antistatic layer is separate from the 
highly conductive layer of ITO and provides the best static 
control When it is on the opposite side of the Web substrate 
from that of the ITO layer. This may include the Web 
substrate itself. 
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[0091] One type of functional layer may be a color con 
trast layer. Color contrast layers may be radiation re?ective 
layers or radiation absorbing layers. Preferably the radiation 
re?ected or absorbed is light radiation. In some cases, the 
rearmost substrate of each display may preferably be painted 
black. The black paint absorbs infrared radiation that reaches 
the back of the display. In the case of the stacked cell display, 
the contrast may be improved by painting the back substrate 
of the last visible cell black. The paint is preferably trans 
parent to infrared radiation. This effectively provides the 
visible cell With a black background that improves its 
contrast, and yet, does not alter the vieWing characteristics 
of the infrared display. Paint such as black paint, Which is 
transparent in the infrared region, is knoWn to those skilled 
in the art. For eXample, many types of black paint used to 
print the letters on computer keys are transparent to infrared 
radiation. In one embodiment, a light absorber may be 
positioned on the side opposing the incident light. In the 
fully evolved focal conic state, the chiral nematic liquid 
crystal is transparent, passing incident light, Which is 
absorbed by the light absorber to create a black image. 
Progressive evolution of the focal conic state causes a 
vieWer to perceive a re?ected light that transitions to black 
as the chiral nematic material changes from planar state to 
a focal conic state. The transition to the light transmitting 
state is progressive, and varying the loW voltage time 
permits variable levels of re?ection. These variable levels 
may be mapped out to corresponding gray levels, and When 
the ?eld is removed, the light modulating layer maintains a 
given optical state inde?nitely. This process is more fully 
discussed in US. Pat. No. 5,437,811, incorporated herein by 
reference. 

[0092] The color contrast layer may also be other colors. 
In another embodiment, the dark layer comprises milled 
nonconductive pigments. The materials are milled beloW 1 
micron to form “nano-pigments”. Such pigments are effec 
tive in absorbing Wavelengths of light in very thin or “sub 
micron” layers. In a preferred embodiment, the dark layer 
absorbs all Wavelengths of light across the visible light 
spectrum, that is from 400 nanometers to 700 nanometers 
Wavelength. The dark layer may also contain a set or 
multiple pigment dispersions. For eXample, three different 
pigments, such as a YelloW pigment milled to median 
diameter of 120 nanometers, a magenta pigment milled to a 
median diameter of 210 nanometers, and a cyan pigment, 
such as Sunfast® Blue Pigment 15:4 pigment, milled to a 
median diameter of 110 nanometers are combined. A miX 
ture of these three pigments produces a uniform light 
absorption across the visible spectrum. Suitable pigments 
are readily available and are designed to be light absorbing 
across the visible spectrum. In addition, suitable pigments 
are inert and do not carry electrical ?elds. 

[0093] Suitable pigments used in the color contrast layer 
may be any colored materials, Which are practically 
insoluble in the medium in Which they are incorporated. The 
preferred pigments are organic in Which carbon is bonded to 
hydrogen atoms and at least one other element such as 
nitrogen, oXygen and/or transition metals. The hue of the 
organic pigment is primarily de?ned by the presence of one 
or more chromophores, a system of conjugated double 
bonds in the molecule, Which is responsible for the absorp 
tion of visible light. Suitable pigments include those 
described in Industrial Organic Pigments: Production, Prop 
erties, Applications by W. Herbst and K. Hunger, 1993, 


















